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© Ink control supply assembly for an Ink ]et printer. 

© In a single ink supply control assembly for an 
ink jet printer there is provided a pump, regulator 
valve/pulsation dampener, and interconnecting pas- 
sageways. The regulator valve/pulsation dampener 
includes a flexible member disposed in a chamber 
arranged between the fluid input and fluid output 
The diaphragm flexes as a function of the pressure 
in the chamber to control the opening and closing of 
a bypass valve member and, in addition, damps out 
both high and low frequency pulsations generated in 
the ink by the pump. When the pressure in the 
system increases beyond a predetermined limit the 
valve member is opened to divert some of the fluid 
flow into a bypass passageway until the pressure 
falls beiow the predetermined limit The pressure 
2 limit in the system can be varied by adjusting the 
^external pressure applied to the flexible member 
O using an adjustment screw and compression spring. 

rs 

IN 

o> 

CO 
CO 




19 



111 



Xerox Copy Centre 



1 



EP 0 339 770 A2 



2 



INK SUPPLY CONTROL ASSEMBLY FOR AN INK JET PRINTER 



The invention relates, generally to an ink mark- 
ing system and, more particularly, to controlling the 
flow of ink to the printer head or heads in an ink 
marking system. 

Oftentimes continuous flow Ink jets use gear 
pumps to provide the ink pressure in the system 
and a fixed needle valve or a pressure relief valve 
to bypass some of the pump capacity back to the 
reservoir or pump inlet. The ink which is to be used 
for printing is taken from the high pressure portion 
of the fluid circuit and dropped through a small 
conventional "down stream" regulator. The ink is 
then sent through a separate component where the 
gear tooth frequency pulsations from the pump are 
dampened out. 

One major drawback of the above-described 
prior art devices is that the pump is required to 
work against a pressure of at least 10 psi greater 
than the pressure needed by the ink at the jet 
nozzle. Because the pump must work at this higher 
level, energy is wasted and unnecessary wear is 
generated on the pump, prematurely shortening its 
life. 

One way to avoid operating the pump in this 
manner is to provide a back pressure regulator 
which allows the pump to work only against the 
pressure needed by the nozzle. However, the use 
of such a conventional back pressure regulator still 
requires a separate component to smooth out the 
high frequency pulsations in the ink caused by the 
gear pump. 

In addition to minimizing the pressure against 
which the pump must work, it is desirable to mini- 
mize the number of components in the fluid circuit 
and provide as compact a unit as possible. The 
more compact and unitary the design the lower the 
parts costs, assembly time, and the fewer the num- 
ber of fittings and potential leak points. 

An object of the present invention is to provide 
ink pressurizing means (such as a pump) and 
means for regulating ink pressure and dampening 
pulsations in the ink in a single, ink supply control 
assembly. 

The invention includes an ink supply control 
assembly for an ink jet printer of the type having 
an ink reservoir for supplying ink to one or more 
printer heads comprising: 

(a) a body having an inlet for connection to 
said reservoir, a fluid passageway means through 
said body, and an outlet for connection to the or 
each printer head; 

(b) means for pressurizing ink in the pas- 
sageway means for drawing ink through said inlet 
and supplying it to said outlet: and 



(c) means within said body for regulating the 
pressure of the ink and for dampening pulsations in 
the ink caused by said pressurizing means. 

5 The presently preferred embodiment of the 
present invention takes the form of a unitary pump, 
regulator valve/pulsation dampener, and intercon- 
necting passageways. This unitary construction re- 
sults in a more compact system which is easier 
to and cheaper to assemble than the known prior art 
systems. Moreover, potential leak points are mini- 
mized because there are no pipes, tubes or fittings 
except for the suction line from the reservoir and 
the pressure line to the ink jet printhead. 
is The unitary module includes a pair of meshing 
gears which pressurize the ink from the reservoir. 
The pressurized ink normally flows past the regula- 
tor valve to the jet nozzle. However, when the 
pressure of the ink exceeds a predetermined limit. 
20 the regulator valve opens to divert some of the ink 
flow from the jet nozzle to a bypass passage until 
the pressure falls below the predetermined limit. 

The regulator valve includes a valve member 
biased into engagement with a valve seat at the 
25 mouth of the bypass passage by a first spring to 
prevent the flow of ink therethrough. A flexible 
diaphragm is disposed between the valve member 
and the first spring such that the ink Rows past the 
flexible diaphragm to the discharge line. When the 
30 ink pressure exceeds the predetermined limit the 
diaphragm is flexed thereby to compress the first 
spring and allow the valve member to separate 
from the valve seat A second spring provides the 
force to move the valve member from the valve 
36 seat and allow the ink to flow into the bypass 
passage. Once the pressure has been reduced 
below the predetermined limit the first spring 
moves the valve member back into engagement 
with the valve seat and the diaphragm to its original 
40 unffexed position. 

The flexible diaphragm is disc-shaped and has 
a relatively large diameter and thin cross-section. 
The center portion of the diaphragm is supported 
by the first spring while an Intermediate, generally 
45 annular portion is unsupported. As a result, low 
frequency pulsations in the ink are absorbed by the 
movement of the entire diaphragm and the com- 
pression of the first spring while high frequency 
pulsations are absorbed by the unsupported ma- 
50 terial comprising the Intermediate portion of the 
diaphragm. Thus, the diaphragm performs the dual 
functions of controlling the regulator valve and 
dampening the pulsations in the ink generated by 
the gear pump. 

In order that the invention may be well under- 
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stood, the above-mentioned embodiment thereof, 
which is given byway of example only, will now be 
described with reference"' to"the accompanying 
drawings, in which: 

Figure 1 is a sectional view of an Ink supply 
control assembly of an ink jet printer, an ink reser- 
voir and printer head of which are shown schemati- 
cally; 

Figure 2 is a sectional view taken along line 
2-2 of Figure 1; and 

Figures 3 and 4 show detailed sectional 
views of the assembly with a regulator 
valve/pulsation dampener thereof In an unopened 
position and a closed position, respectively. 

Figure 1 shows a section view of an ink supply 
control assembly 1 which includes a unitary body 3 
consisting of an upper body portion 3a, central 
body portion 3b, and lower body portion 3c made, 
preferably, of a rigid plastic material. The body 
portions are secured together by any suitable 
means such as by screws or a clamping ring (not 
shown) and have 0-rings 4 located therebetween to 
provide a liquid-tight seal. 

An Input passageway 5 is formed in the wall of 
central body portion 3b and connects to the suction 
line 7 of an ink reservoir 9. The input passageway 
5 connects with the bypass passageway 11 which, 
in turn, connects with pump chamber 13. Pump 
chamber 13 contains gears 15 and 17 which are 
rotatably driven in meshing engagement by a mo- 
tor to provide suction in the system and pressurize 
the ink in the bypass and input passageways. 

The pump chamber 13 is connected to the 
regulator chamber 23 via exit passageway 21. The 
regulator chamber 23 is connected to bypass pas- 
sageway 5 and to the regulator exit passageway 25 
such that the ink can be selectively discharged 
from the regulator chamber 23 to the jet nozzle 36 
or to the pump chamber 13. A pressure gauge 31 
is provided in the regulator exit passageway 25 to 
indicate the ink pressure entering the jet nozzle at 
the printer head via pressure line 37. A flexible 
diaphragm 41 is formed as a disk of resilient ma- 
terial and is supported at its edge in the regulator 
chamber 23 between the upper body portion 3a 
and the central body portion 3b to form a liquid- 
tight seal therewith such that the ink is constrained 
to flow between the flexible diaphragm 41 and the 
central body portion 3b. 

Formed in the upper body portion 3a is a 
cylindrically shaped cavity 43. Centrally located in 
cavity 43 is a first compression spring 45 disposed 
such that its spring force is directed perpendicular 
to the diaphragm 41. The spring 45 has a seat 47 
secured to one end thereof provided with a recess 
49 for receiving the tip of adjustment screw 51. 
Secured to the other end of spring 45 is a circular 



pressure plate 53 which remains in continuous con- 
tact with flexible diaphragm 41 to evenly transfer 
the force of the spring 45 to the central portion 41a 
of the diaphragm 41 that is coextensive with the 

5 plate 53 as shown in Fig. 4. The Immediate annular 
portion 41b of the diaphragm 41 which is disposed 
between the body 3 and pressure plate 53 is 
unsupported in the direction perpendicular to the 
surface of diaphragm 41, the function of which will 

w be hereinafter explained. By tightening or loosening 
screw 51 the force from spring 45 on the dia- 
phragm 41 can be increased or decreased, respec- 
tively. 

Refering to Figure 3, a second cylindrically 

75 shaped cavity 50 is located in the central body 
portion 3b and is arranged in line with the dia- 
phragm 41 and first cavity 43. The mouth of by- 
pass passageway 1 1 is located in the center of the 
bottom of cavity 50 to form an annular ledge 52 on 

20 which is located an annular valve seat 54. A valve 
member 56 is centrally located in cavity 50 and is 
formed with a valve stem end 57 and a flanged 
head 55. A second compression spring 59 is co- 
axially arranged over the valve member 51 and is 

as constrained between the annular valve seat 54 and 
the flanged head 55. The spring force acts along 
the axis of the valve member to force the flanged 
head 55 Into continuous engagement with the dia- 
phragm 41. Thus, the diaphragm 41, valve member 

30 51 and pressure plate 53 will reciprocate as a unit 
under the forces generated by the first compres- 
sion spring 45, the second compression spring 59 
and the pressurized ink, as will be hereinafter de- 
scribed. 

35 In operation the motor 19 is energized to rotate 
the gears 15 and 17. The rotating gears develop a 
suction at the input of the pump chamber 13 to 
pressurize the ink such that it flows from the reser- 
voir 9, through suction line 7, input passageway 5 

40 and bypass passageway 11. The ink under pres- 
sure is discharged from the pump chamber 13 into 
the pump exit passageway 21. The ink flows from 
the pump exit passageway 21 to the regulator 
chamber 23 where it flows passed the flexible 

45 diaphragm 41 between the diaphragm and the cen- 
tral body portion 3b, as illustrated by arrows in 
Figure 1 , 3 and 4. 

The ink, because it is under pressure, exerts 
an upward force on the flexible diaphragm 41 as it 

so flows through the regulator chamber 23. When the 
force exerted on the diaphragm 41 due to the 
combined forces of the pressurized ink and the 
second spring 59 is less than the opposing force 
exerted on the diaphragm by first spring 45, the 

56 valve member 51 would move toward the central 
body portion 3b until valve stem end 57 engages 
the valve seat 54 to obstruct the flow of ink into the 
bypass passageway 11 as illustrated in Fig. 4. In 
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this mode of operation, ail of the ink would flow 
between the diaphragm 41 and central body por- 
tion 3b to the regulator exit passageway 25 and 
subsequently to the ink jet nozzle 36 at the prin- 
thead as represented by the arrows of Fig 4. 6 

Should the pressure in the system rise to the 
point where the force exerted on the diaphragm 41 
by the pressurized ink and the spring 59 is greater 
than the force exerted on the diaphragm by spring 
45, the diaphragm will be moved away from the 10 
central body portion 3b until equilibrium is estab- 
lished. The vaive member 51 will move with the 
diaphragm away from the mouth of the bypass 
passageway 1 1 a corresponding distance under the 
force of spring 59 as illustrated in Fig. 3. As a 76 
result, a portion of the ink flow will be diverted from 
the regulator exit passageway 25 to the bypass 
passageway 11 shown schematically by the arrows 
in Fig. 3. It has been observed that in a steady- 
state condition the valve stem end 57 separates 20 
slightly from the valve seat 54 and remains in a 
kind of balanced position to allow a low level flow 
Into bypass passageway 11. This operation is be- 
lieved to enhance the steady pressure and pulsa- 
tion dampening. 25 

The pressure of the ink entering the print head 
via the pressure line 37 can be monitored by 
gauge 31 and screw 51 can be tightened or loos- 
ened to adjust the force exerted by pressure plate 
53 on diaphragm 41 to control the corresponding 30 
pressure of ink to the printhead. Once an equilib- 
rium state is established in the system, the desired 
pressure will be automatically maintained. 

In addition to regulating the ink pressure, both 
high and low frequency pulsations in the ink caus- as 
ed by the pump are dampened thereby to elimi- 
nate the need for a separate dampening mecha- 
nism. Specifically, the movement of the central 
portion 41 a of the diaphragm and the compression 
of spring 45 will dampen low frequency pulsations 40 
in the ink while the annular edge portion 41b will 
dampen high frequency pulsations in the ink. 

Finally, the construction of the body 3, pro- 
vided with all of the interconnecting passageways 
and the integration of a regulator valve and damp- 45 
ener in one mechanism, results in a more compact 
ink delivery system. Moreover, the number of fit- 
tings, and the corresponding number of potential 
leak points are minimized. Thus, the manufacturing 
assembly and maintenance costs of the assembly so 
are reduced. 

Although the invention has been described in 
its preferred form with a certain degree of particu- 
larity, it is to be understood that numerous changes 
in the details and construction of the combination ss 
and arrangement of parts will be apparent without 
departing from the spirit and scope of the inven- 
tion. 



It will be appreciated however that the illus- 
trated embodiment of the invention provides an 
improved regulator valve and dampener for the ink 
supply system of an ink Jet printer. Also by com- 
prising a compact unitary module containing the 
pump, regulator valve/pulsation dampener and filter 
of the system, assembly time, costs and the num- 
ber of potential leak points may be minimized. 

It will also be appreciated that the embodiment 
is advantageously provided with a single mecha- 
nism that functions as both the activating device for 
the regulator valve and the dampener of the pulsa- 
tions in the ink. Furthermore, in the embodiment 
the pump works only against the ink pressure 
needed by the nozzle. 



Claims 

1. An ink supply control assembly for an ink jet 
printer of the type having an ink reservoir (9) for 
supplying ink to one or more printer heads (36) 
comprising: 

(a) a. body (3) having an Inlet (5) for connec- 
tion to said reservoir, a fluid passageway means 
(13.21.23,50) through said body, and an outlet (25) 
for connection to the or each printer head; 

(b) means (15,17) for pressurizing ink in the 
passageway means for drawing ink through said 
inlet and supplying it to said outlet; and 

(c) means (41.56) within said body for regu- 
lating the pressure of the Ink and for dampening 
pulsations in the ink caused by said pressurizing 
means. 

2. An assembly according to claim 1, wherein 
said regulating and dampening means includes; 

a flexible member (41) adapted to contact the ink 
and displaceable as a function of ink pressure, and 
a vaive means including a valve member (56) 
adapted to move with the flexible member (41) for 
diverting from the outlet (25) a variable portion of 
the ink flow thereby to regulate the pressure of the 
ink at the outlet (25). 

3. An assembly according to claim 1. wherein 
said regulating and dampening means includes: 

a flexible member (41) disposed within a chamber 
(23) in the fluid passageway means and displace- 
able as a function of the ink pressure in the cham- 
ber (23), and 

a valve means including a valve member (56) 
adapted to move with the flexible member (41) for 
diverting from the outlet (25) a variable portion of 
the ink flow thereby to regulate the pressure of the 
ink at said outlet (25). 

4. An assembly according to claim 2 or 3, 
further including a rigid plate (53) contacting said 
flexible member (41) over a first portion of its 
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surface, a second portion (41b) of the flexible 
member being out of contact with said plate, 
whereby said first portion dampens low frequency 
pulsations and said second portion dampens high 
frequency pulsations in the ink. 5 

5. An assembly according to claim 2 or 3, 
further including a first biasing means (59) for 
maintaining said valve member (56) in contact with 
said flexible member (41), and 

a second biasing means (45) of variable force for w 
providing pressure on the flexible member in op- 
position to the first biasing means and the ink 
pressure against the flexible member, 
whereby diverting of ink does not occur until the 
combined forces of the ink pressure and the first is 
biasing means exceeds the force of the second 
biasing means. 

6. An assembly according to claim 5, further 
including a rigid plate (53) contacting said flexible 
member (41) over a first portion of Its surface, a . 20 
second portion (41b) of the flexible member being 

out of contact with said plate, whereby said first 
portion and said second biasing means dampens 
!ow frequency pulsations and said second portion 
dampens high frequency pulsations in the ink. 25 

7. An assembly according to claim 5 or 6, 
further including means (51) for varying the force of 
the second biasing means (45) whereby the dis- 
placement of the flexible member (41) and the 
corresponding movement of the valve member (56) 30 
will vary to thereby divert greater or leaser portions 

of the ink flow. 

8. An assembly according to any one of claims 
2 to 7, wherein said valve means further includes a 
bypass means (11) cooperating with said valve 35 
member (56) for communicating the diverted por- 
tion of ink to the pressurizing means (15,17). 

9. An assembly according to any one of the 
preceding claims, further including a means (31) 

for indicating the pressure of the ink at said outlet 40 
(25). 

10. An ink Jet printer comprising an ink supply 
control assembly according to any one of the pre- 
ceding claims, an ink reservoir (9) connected to 

said inlet (5) of said assembly, and at least one 46 
printer head (36) connected to said outlet (25) 
thereof. 
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@ Ink control supply assembly for an ink jet printer. 

@ In a single ink supply control assembly for an ink Jet printer 
there is provided a pump (13), regulator valve/pulsation 
dampener (23), and interconnecting passageways. The regula- 
tor valve/pulsation dampener Includes a flexible member (41) 
disposed in a chamber arranged between the fluid Input and 
fluid output. The diaphragm flexes as a function of the pressure 
in the chamber to control the opening and closing of a bypass 
valve member (51) and, in addition, damps out both high and 
low frequency pulsations generated in the ink by the pump. 
When the pressure In the system Increases beyond a 
predetermined limit the valve member (51) is opened to divert 
some of the fluid flow into a bypass passageway (11) until the 
pressure falls below the predetermined limit. The pressure limit 
In the system can be varied by adjusting the external pressure 
applied to the flexible member using an adjustment screw and 
compression spring. 
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